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MEMORANDUM REPORT NO. 1330

HTLootens /vt
Aberdeen Proving Ground, Maryland
March 1961

DOPLOC OBSERVATIONS OF REFLECTION CROSS
SECTIONS OF SATELLITES

ABSTRACT

This report presents reflection cross sections observed for elght
satellites during the period 1 January 1959 to 1 July 1960, using the
DOPLOC "dark satellite" detection system developed by the Ballistic
Research Laboratories. Several related areas are discussed; i.e.,
satellite "signature", spin and tunble, scintillation and ionized
trails. A brief description of the DOPLOC recelving system and
antenna configuration is included. The method used for calculation
of cross sections is given in Appendix I.
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I. INTRODUCTION

During the period 1 January 1999 to 1 July 1960, the Ballistic
Research Laboratories, under funding from the Advanced Rescerch ProJjects
Agency (ARPA Order 8-58), operated a tlwee-station, reflcction Doppler
satcllite tracking system, cxtending ecross the south-central United
States from Tennessee to New Moxico. This system, known as DOPLOC
(ggpplcr ghnsc ngk), provided & meens of detecting end tracking radio-

silent, or "dark" satellites,

A trensmitting statlon was loceted at Fort Sill, Oklahona and
receiving stations were located at White Sands Miscile Range, New Mexico
end at Forrest City, Arkzansas. The stutions were initially manned on a
twenty-four hour, seven-dey-per-weer busis, es part of the nation-wide
satellite surveillance net. Following permission from ARPA to discontinue
routine twenty-rfour hour opcration, the Wnite Sands stetion was deectivated
and e basic eight-hour work dey was adopted at the Fort Sill and Forrest
City stations on or about 1 October 1959. The actual hours of operation
were chosen to edapt the work schedule to the times of most frequent

satellite passes.

The flexible schedule by which the field stations operated has
provided considercble date from known setellites, Unidentified Flying
ObJects (UFO's) and meteors. Many setellites and UFO's have been
successfully detected and tracked by the DOPLOC technique and their time
of crossing, altitude, east-west position and effective reflection cross
section determined from single pass data from a single receiving station.
Crossing time and position date wes forwarded to Space Track Control

Center for inclusion in their orbital prediction program.

11



IX. DOPLOC SYSTEM DESCRIPTION

A. Equipment

The DOPLOC systen consisted of a 50-kw coatinuous wave, 108 Mc/o
transaitter loeated at Fort Sill, Oklahomn, which fed one of three
narrow-beas, high-zain antennas. These high-gain antennas emitted
narrow, fan-shaped beams, one directed 20 degrees above the northern
horlzon, one directed vertically and one directed 20 degrees above the

southern horizon (see Figure 1),

The slgnal reflected from a satellite passing through the trans-
mitter beam was received st one or both of the receliving stations. Each
recelving statfon hud three high-gain anternas oriented to "see" the
space voluze illuzinated by the transaitter. The reflected Doppler
signal was fed through a receiver to a bank of fixed audio frequency
filters knowm as the Autoratic Lock-On (ALO) and, subsequently, to a
narrovw band, phasc-locked traczing filter. The appearance of & Doppler
sigral in one of the fixed fiiters activated a control circuit which
pulled the tracking rilter frequency over to the signal frequency and
caused a phase locx between the two. The tracking filter then tracked
the Doppler signal frequency continuously as the satellite pasced through
the antenna beam. Block disgrans of the DOPLOC receiving system and ALO

are showm in Figures 2, 3, L and 5.

A satellite which crossed the base line Joining the transmitter and
recelver traversed each of the three overlapping, fan-shaped antenna beams
(see Figure 6). This resulted in three separate Doppler records, one for
each of the three antennas, separated in time by 30 - 60 seconds. The
length of the records varied, averaging about 7 seconds in the center
antenna and 15 - 25 ceconds in the north and éouth antennas. The digital
Doppler data as a function of time were printed on paper tape and also
converted to binary form and punched into standard five-hole teletype
tape for transmission via commercial teletype to the BRI computer center,
where they were fed to the ORDVAC computer to obtain satellite orbital

12



parameters. Figure T shows typical DOPLOC data output and Figure 8
shows a typical orbital solution calculated using this type of data.
In addition to recording the digital data, rccordings on paper charts
were made of the Doppler analog frequency and signal strength with
respeet to time. Reproductions of these records are presented in this

report.

B. Antenna Dimensions and Orientation

The special high-gain antcnnus were 60 feet long and 10 feet wide
with bean dimensions of 8 x 76 degrees and a gain of 16 db over
isotropic. Three of these entennas were installed et cach of the recelving
stations and at the transmittiling station. The antenna installation at

the transmitting stution is shown in Figure 9.

When the DOPLOC satellite detection system assumed twenty-four hour
operational status in January 19%9, the transmitter ot Fort Sill served
as the illuminator for both rcceiving stations. At that time, the high-
gain entennas were oriented in ezimuth and elevation as shown in Figure
10. 1In the fall of 1959, the receiving station at White Sands was de-
activated and it was decided to tilt the antennas at Fort Sill and Forrest
City to produce more favorable coverage. The reorientation of the

antennas to the configuration shown in Figure 11 was made in November 1959.

A complete and detailed description of the DOPLOC satellite detection
and tracking system may be found in BRL Report No. 1123, "The DOPLOC
Instrumentation System for Sutellite Tracking" (February 1961).

13



IXI. FIELD DATA

A. Satellite Records

During the 18-month operation of the DOPLOC system, 111 ref’ections
wvere received, resulting from observations of 89 individual satellite
passes. More than half of these reflections were received by the center
antenna alone, while the rest were observed by the north or south

antennas or various combinations of the three antennas.

Reproductions of DOPLOC Doppler reflection data are presented as

follows:

Sputnik III (58 Delta), Figures 12 to 45; Discoverer V (59 Epsilon),
Figures U6 to 52; Discoverer VI (59 Zeta), Figures 53 to 59; Discoverer
VII (59 Kappa), Figure 60; Discoverer VIII (59 Lambda), Figures 61 to 66;
Transit 1B rocket {60 Gamma 1), Figures 67 to 71; Transit 1B (60 Gamma 2),
Figure 72; Discoverer XI (60 Delta), Figures 73 to £0; Sputnik IV (60
Epsilon 1), Figures 61 to 8G; Sputnik IV rocket (60 Epsilon 2), Figures
67 to 95; Sputnik IV fragments (50 Epsilon 3, 4, § and 6), Figures 96
to 100. A summary of these reflections arranged by satellite and antenna
is given in Table 1, and a detailed explanation of each pass may be found
in Table 2.

B. Unidentified Flying Objects

A number of reflections were received and recorded which could not
be correlated with the predicted position of any known satellite. These
were termed Unidentified Flying Ubjects and reproductions of 14 of these
reflections are shown in Figures 101 to 1llk, with a detailed listing in
Table 3.

1%
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C. Doppler Recording

The typical form in which DOPLOC data are recorded for satellite
detection 1s chown in Figure 60, a record of Discoverer VII (59 Kappa).
An explanation of this rccord and the ALO device by which it was obtained
follows. The upper portion of the chart is an analog record of tracking
filter output frequency. The chort, evenly spaced marks indicate the
successive frequencles at which the tracking filter is set while the
system 15 in the search mode. The tracking filter is stepped in 1 kc/s
Intervals to maintain a frequency midway in the 1 ke/o spectrun to which
the comb rilters are set. This minimizes the time required to pull the
tracking filter frequency to a signul frequency detected in one of the
fixed rilters. The comb filter bank consists of ten filters, cach with
8 20 ¢/s bandwidth, spaced 100 ¢/ apart. The filter bank "looks" at a
1 kc/s frequency bund for 0.1 second; then it is switched up 1 ke/s by a
heterodyme method snd this proces. continues, until either the desired
frequency bend has been covered or # signel is detected. Figure 60 shows
the trecking rilter output when a 12 kc/s ccen is used. The ALO can also
be adjusted to scen e b ke/s renge (see Figwre 19) or e 2 ¥e/s range
(see Figure 24), or it aey be menually positioned to e desired frequency
velue. Menual operation is useful when attempting to lock the filter on
a signel being pleyed buck from mepnetic tepe, where the initial Doppler
frequency is known within a few cycles per second. Figures 135 and 22

arc examples of manual filter positioning.

The initiation of phase-locked tracking is accomplished quickly when
a signal frequency is detected in one of the fixed filters. The control
circult pulls the tracking filter frequency over to the received Doppler
signal frequency in ebout 10 milliseconds and within 80 to 90 milliseconds
all trensients huve subsided and phase-locked tracking begins. Figure 60
shows this transition from step scanning to continuous tracking at 171%4: 58
Z time. Concurrently, the digital counter and printer is started and the
time period of 1000 cycles of the Doppler is printed at one second intervals

on paper tape. Simultaneously, the period count is converted to binary form
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and punched into five-hole teletype tape. The Doppler period count for
Revolution 183 of 59 Kappa, which corresponds to the Doppler frequency
analog record, 1s shown at the top left of Figure 60. The right five
digits constitute the count, while the left six digits reprecent Universal
Time in hours, minutes and seconds. The Doppler frequency in cycles per
second is 108 times the reciprocal of the count. A Doppler frequency
record readable to 0.1 c/s 15 obtained in this manner. If desired, the
Doppler frequency may also be printed directly in digital form (see

Figure 7).

D. Signal Strength

The lower part of the chart in Figure 60 is a record of the AGC
voltage from the tracking filter. While in the search mode, the AGC is
shorted, giving the clean, straight line at 2 mm deflection. When a
signal is detvected, the AGC voltage first decreases due to an initial
threshold voltage of opposite polarity existing on the AGC line, which
causes a deflection toward zero on the chart. Then, as the signal
anplitude increases, the AGC voltage increases as shown by the scale
calibration. The chart is calibrated in power input level (in dbw) to
the receiver input terminals and also in relative signal in terms of the
signal-to-noise ratio at the receiver output, i.e., in db below 1:1 S/N
at. the receiver output. With a 10 2/s bandwidth, the tracking filter can
track signals that are 26 db down in the noise from the 16 ke/s bandwidth

recelver.

The signal strength record of 59 Kappa in Figure 60 shows a maximum
signal of -161 dbw which is 2 db down in the noise at the receiver output.
The rather narrow, peaked signal response curve with the slight dip on the
leading portion is "signature" information indicating considerable attitude
change during the six second passage time through the antenna beam. The
peak cross section for this pass of 59 Kappa was calculated to be 226
square feet from this record. The rather detailed treatment of this one
pass of 59 Kappa has been given to illustrate the detailed nature, quantity,
and quality of the data that are provided by the DOPLOC satellite tracking
system from a single pass recorded by a single receiving station.
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E. Multiple Antecnna Records

The previous discussion of experimental results has been largely
devoted to data received by the vertically directed center anteana.
Figure 63 shows a similar Doppler record of a satellite signal received
by the north antenna and later by the center antenna. The Doppler
frequency has a low value and is nearly constant during transit through
the north antenna bean which is directed 20 degrees above the horizon.
During this interval the Doppler corresponds to the flat portion of the
"S" curve. The region between the satellite signal in the north and the
center antenna is of interest in this record since it represents a period
of unusually high spurious signal activity. The short, steep slope ldines
are typical of metcor hcad echoes, and are easily distinguished from the
satellite record either by their steep slope or their very short duration
AGC record (one second or less). Two of the slopes are of opposite sign
to those of the satellitc record due to the extremely high velccity of
the meteor, which places the Doppler frequency on the opposite side of
the heterodyne frequency.

Optimun performance of the DOPLOC system is shown in Figure 8o,
which is a record of a satellite passing through the three entenna beams
successively. This record depicts the step-scan frequency search, the
lock-on, &nd the continuous track sequence as the satellite passed through
the north antenna beam, the center beam and the south beam. It can be
secn that the 4 kc/s scan range is switched up as soon as the satellite
signal has ended in each antenna. This operation is performed manually
by the operator who is visually monitoring the ALQ output. This recorad
1s of particular interest since it is the last revolution of 1960 Delta
over the Northern Hemisphere, During the latter part of this revolution,
this satellite re-entered the earth's atmosphere over the Southern

Hemisphere.
F. Meteor's

In addition to the satellite Doppler frequency record in Figure 60,
other short lines of about one second duration are evident in the upper

portion of thechart . These are spurious responses due to strong noise
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pulses or meteor head echoes. It 15 significant to note that a spurious
frequency signal occwrred Just a few tenths of a second prior to the
satellite Dopplef signal reception, yet the ALO was sble to respond with
full sensitivity to the desired signal. Spurious signals from meteors are
identified by their short time duration and steep slopes. Signal reflec-
tions from meteor trails, which are large ionized columns moving at very
low velocities, are recorded as nearly constant frequency, called "flats",

which are close to or equai to the biaes frequency.

G. Satellive Tralls

There is some indication that the passage of a satellite through
the fonsphere produces a cloud of ionized particles in its wake, 1,2,3,
causing a constant frequency reflection similar to the "flat" reflections
produced by meteor trails. The cxistence of such an ionized cloud is
further supported by data as shown in Figures 16 and 18, vhere a "flat" is
seen immediately following the Doppler reflection from 58 Delta. Other
constant frequency reflections appearing after a satellite pass may be seen

in Figures 26, 27, 30, 66, £9, 92 and 100.

Figure 15 shows en interesting example of a satellite pass occurring
simultencously with a "flat". Revolution 8385 of 58 Delta was detected three
seconds after the constant frequency reflection was observed. This example
demonstrates the ability of the DOPLOC system to detect and track a
satellite in the presence of a large, interfering signal.

H. Predictions

Satellite predictions computed and distributed by Space Track Control
Center were used to determine base line crossing times for known satellites.
Two chart speeds were used for the analog recordings; 2.5 mm/second during
specifically selected search periods when a satellite was predicted to
cross the DOPLOC base line and 1 mm/second at all other times during

routine surveillance,

Not every satellite known to have passed between the transmitter and

receiver was detected, apparently because of insufficient reflected signal
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due to satellite attitude at the time it traversed the antenna bean.
For the same reason, many passes were detccted by one or two antennas
but not by all three antennas. These one or two-antenna reflections
prove extreszely useful, however, when examined in conjunction with the
threc-antenna data, in analysis and comparison of cross sectional areas A
"signature", sat. .lite attitude changes (opin and tumble) and
seintillation.
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IV. REFLECTION CRCSS SECTIONS AND POWER RATIOS

As previoucly stated, the Doppler frequency vs time data are
digitally rccorded at the receiving station as the satellite pacses
through the antenna beam. From these data, we may calculate the
Doppler slope (rate of change of Doppler frequency) and, subscquently,
the altitude and east-west position of the satellite as it crossed the
base line Joining the transmitter and receiver. Using thesc values
and the method deseribed in Appendix I, we calculate the power ratio”
(ratio of calculated received powcr to measwred received Pover') and the
apparcent eross section observed for each satellite pass through cach

antenna beam. Table I presents these values.

Before calculating the cross section and power ratio for a speeific
satellite it 15 necessary to estimate the dimensions of the satellite and
calculate the power that would be radiated from an object of this size,
assuming it were located at u point in space corresponding to the
satellite position (altitude and ecast-west location). Subsequently,
when the true measured power is determined using the actual received
signal amplitude reflected from the satellite, the ratio of céleulated
pover to measured power gives the power ratio. Since all the reflected
pover readings from onec satellite are compared to the calculated value
for that satellite alone, we are permitted to examine the individual power
ratios as a composite group, regardless of the satellite from which they
were determined. 1In other words, a power ratio of 1 indicates that the
measured power equals the calculated power, regardless of the physical
size of the satellite involved. Figures 115, 116, and 117 present the
pover ratios measured in the center, north and south antennas, respectively,

and Figure 118 shows all the ratios, regardless of antenna.

¥ R pover ratio value of 1 indicates that the measured power equals the
calculated power; a value of 10 indicates the measured power equals 1/10
of the calculated power.
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It 16 noted that h5% of the ratios in Figure 118 cccur between 1 and 5,
and that slightly more than 808 are Letween ) and 15. This mcans that
alzost hall of the reflectlons possess a power value which is 1/5 of the
caleulated value or larger, while 8 out of 10 reflecllons are 1/15 the

caleulated value or larger.

An interesting situation exists in conncetion with the cross scctions
measured for 00 Delta (see Puble 5). Or the eight pusses received, six
pagses were threc-antenpn reflections, offering un excellent opportunity

for comparison of cross seetions us measurcd by the different antennas.

]

It i3 also noted that, of Lhe six threc-antennu pusses, {lve passes
exifbited the largest eross seeilon in the norih untenna, and four passes
were alnost cqual to the calculeted value, as indicated by the power ratio
approaching unity (Revolutfons 12k, 150, 150, and 165). lNo clear cut ex-

plunotion eun te presented for this preponderance of lurge cross scetions

s

.

in the norih antenna, All the montennes were idenwhanl iv centiguration,

g ‘leuticns, wund ell were oriented with ref-
erence to & [lrst-order gecdetlc survey. Subsequent to installation, a
signul generstor was mounted in an airplanc wnd & sorics of {flights were
made over the antennn Ticid at each stetion. In this sanner, the radlution
patterns and antennt sligracentis vwere measured and devermined to be optizum,
Thus, it would appenr that cach of the antennas should "see" a satellite

in the same way, and any variance in epparent size “rom one antenna o
another would be purcly random, dependent solely on such variables as
satellite eititude, cast-west location, und attitude. The observed cross

sections for 60 Delta do not appear random, however.

Furtier examination of the data, specifically Table 5 which presents
average values for all cross scctions and power ratios, indicates that in
tiiree of the four instances where a comparison can be nade between the
three antennes for one setellite (58 Delta, 60 Delta, 60 Epsilon 1 and
60 Epsilon 2), the largest average cross section is that measured by the
north antenna. Since it appears that the north antennas consistently
produced larger power and cross Qection values, we might conclude that
the north antennas were perfectly aligned, or possessed greater gain than

elther the center or south antennas.
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As soon an we muie Lhis tepkative snssunption, howe CYCE, MCe ure
fneed with contradletury date as obscrved Yor GO Epsilon 1, Teble 5
sy pacses of this sntellite, three scasurcd by the center antenna,
Lo by the south and one by the porth, Rreluding lhe north antenna pAaGS
Yor the momoent, the flve remndning pngsses econhined huwve an wverage cross
svatlon of 250.8 squure fuet mad mn nversge power rutlo of 1.8. These

values represent tne largest nverase eross soeetlan nnd best wyerage power

ralio of nny antlellite obscrved, vol the one pass of this satellite recelved

by the north antennn hng n eross scction thul fo wmmller than thts average
by a fnctor o 12, The et thol wo observed Lhls one smnll oross seetion
Ve porih antones $s not slgniffecmnt, slnte o slople observation cannot

be consldered slntistienliy nenningrui. However, b L3 slegnificent that

the

uverage eross sections for ltne Ulve pussen recclved by the center und south

4
URLCRERE Ble .nrge, BeRrly ogun. 1o Lhe enleulinated value.  Wny these two
antemngs opereted 6o uxcvl-uazly A tnls e selelllte Lo o oantter of con-
Jeciure,
Heferring sealn 1o Teb.e 4, we o ce tanl Lhe BLULL ApLeRns produced

Verage Cross secilons Lenl avre laroer i 5 LUl of o instances then those
observed by the tenter anlennn 1or the sane suiellite.  Here sgain, it
mUST be pofated oul tanl 2 OY tne §onre basct G Ly one puss each (59

Epsilon and 57 Zetw), wnd no vnlld eoncluslons cumn be drawn Irom Sucn a

3h



V. CROSS SRCTION "SIGNATURE" OBSERVATIONS

When the signal strength reflected from a nusber of passes of one
satellite is recorded in analog form, the shape of the observed cross
scction cnvelopes may appear wery much ulike, provided that the satellite
attitude remains reasonably constant from Pass to pacs and that propagation
conditions are similar. Under ideal conditions, a particular satellite
=ay consistently produce o unique "signature", thus permitting identifi-
cation on this basis alone. Others may produce a wide variety of shapes,
“ilch appear Lo possess nothing in common. A satellitc with dimensions
sall compured with the wavelength will generate an approximately scai-
circular or semi-ellipticul signal strength pattern that is independent of
physical configuration. Signal strength changes due' to scintillation and
attitude chunge (spin and tuzble) are usually present with large satellites
wileh produce a very complex received signal cnvelope configuration and

mexe "olsnoture” identification difficult.

In gencral, the DOPLOC records obtained by the center antenna are
characterized by a short duration, syammetrical envelope that rises and
deceys smoothly and possesses a rounded peak, with little or no oscillation
visible at any time. The average duration and signal strength of the 67
cenier antenna measurcments are 7.5 seconds and -169.4 dbow. The north
and south antennas produced two gencral shapes; either a semi-circular
configuration with a smoothnly changing signal level or a seni-rectangular
envelope with an abrupt rise and decay and a reasonably constant signal
level. Conslderable variations, some quite large in amplitude, are
usually visible in both types. Signals from the north and south antennas
were longer than those from the center antenna, since the beams were
directed 20 degrees above the horizon as opposed to the vertical center
beam. For the 22 observations in the north antenna the averages are
2.8 seconds and -170.4 dbw, while in the south antenna the averages
are 15.7 seconds and -173.6 dbw. The overall averages for the Wk
reflections are 20.3 seconds and -172.0 dbw. A discussion of several

specific "signatures" follows.
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58 Delta - An outstanding exnple of “signatwre" is evident in
Figure: 37 and kO, vhere a eharp null is prominent on cach record
approxirately 10 seconds after the appearance of the Doppler sigral.
In both cases the reflection is in the north antenna and the length
of record permits ensy observation of this characteristic null., A
severe slgral dropout is5 evident in Flgure 25 and, to n lescer extent,
in Flgure 22, This eay be an Indleation of "slgmuture". Simllarly, a
s=all dip Ls seen in ench of e zouth antenna portions of Figures 31,
35, % and 35, approximaicly 3 scconds prior to signel loss.

59 Epstlon - There is no clear Mudication of “siznature", dcspitc

the prevalence of pertodic change in signel level, eipecially in Flgures

58, 50 and 52, Tuis clange In sipnel asplitude is probably caused oy
1

.

atellitve attitude change rather than by satellite configuration.

99 Zein - A sharp spike o cesily wisivle on the leeding edge of
cach of the ¢nvelopes n Flgures 5%, 53, 58 und 59. ‘the latter two
records shiow e rperiodic chunge in sigral strength, whereas rone of the
other 59 Zeta records possessed thls churacteristic. The variations in
Figures 58 and 59 are due to attitude change, which epparently comrzenced
(or at leas: inercased in fregueney) late in the orbital lifetime of 59
Zeta. Zven as late as Revolution 855 (Figure 57), there is no indication
of this periodic mcduletion. It ig very evident, hnowever, in Revolutions
871 and 877, the last two DOPLOC obscrvations of this satellite vefore its
re-entry into the ecarth's atmosphere (estimated by Svace Track Control

Center to have occwrred beiween Revolutions 96% and 966).

59 Keppe - Only one pess wes received for this satellite and it

shows n¢ sigrificant features.

29 Lembde - The very abrupt slgnal loss'in the middle of Revolution 96
of 59 Lambda (Figure 61) may be "signature" information, though two factors
are present which make this assumption appear somewhat doubtful. First,
there is no evidence of this unique signal dropout on any of the other
records of 59 Lambda. Secondly, and of greater importance, is the extremely
rapid signal decay. It is unlikely that any motion or physical configuration
of the satellite could produce such a steep decay curve. The almost instan-
taneous decay strongly suggests that equipment failure or propagation phenom-

ena, rather than satellite movement or shape, caused this sudden loss of slgnal,

%



00 Gamna 1 - Anvther cxcellent cxample of "signature™ in found
in Figures 69, 70, and T1, where the V-shaped peak 1s easily scen.
Figure 67 algo shows traces of this shape, but the high altitude of
this pass (%h0 miles) severely attenusted the reccived sigral and
prevented this characteristic from being more prominent. This pass
vas the highest pass recorded by the DOPLOC system during its operation.
A further identifying feature in these data for 60 Gam=a 1 appears to be
the signal loseec shown in Figures 68, 69, and 70 which occurred in the
middle of the passes where the signal is normally at o maximum. On two
of these passes, the tracking filter lost lock completely, but the ALO wvas
able to lock-on again when the signal level increased.

G0 Gazz=n 2 - Only one puss was rccorded for this satellite and 1t
displays no significent eavelopc shape.

G0 Delta - fiere we sec e scvere cull in both Figure 78 (center) and
Figure 79 (north). Once again, the tracking filter lost lock during the
forzer pass but the ALO regained the signal autazatically when it became
stronger. A hint of a similar null may be visible in both Figure T3 (south)
and Fi.ure 78 (couth). It is worthwhile to point out that Revolution 61
(Figure Th4) was received by the north and south entennas but not by the
center antenna. Perhaps the satellite was oriented in its maximum null-
producing attitude during the middle portion of this pass and, consequently,
this orientation reduced the reflected signal to a level lower than the
ALD thresnold level and no lock was obtained. Repeated rerunning of the
magnetic tape of this pass in an attempt to lock the ALO on the Doppler
signal was without success. It appears that the center antenna portion of
Revolution 156 (Figure 78) may have been approaching this complete signal
fadeout condition also.

60 Epsilon 1 - There does not appear to be any clear indication of
“signature" in these data. The record of revolution 150 (Figure 83)
exhibits a nine second signal loss in the middle of the pass. The absence
of signal dropout in the other records of 60 Epsilon 1 makes it difficult
to correlate these data with "signature" information. It may be noted
that data shown in Figure 84 was recorded at 1 mm/second which served to
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condense the enwelope. The 2.9 em/second chart speed would huve
enlarged the envelope and produced & trace similar to Figwre €.

G0 Ppstlon 2 « The distingulshing fcature here seems to be the
oscillations observed in the center anteanu portions of Figures 88, 92
9% and ¢5. Heflections from the majority of other satellites observed
in the center antenny are swmcoold. Again it s noted that the chart
spred in Flgures 92 and 93 15 1 s/sccond, while in Figures &85, 89 and
a5 1t 15 2.9 mafuccond. Hod the rormer passes been recorded at 2.5 mmfsecond,

the resulting envelope would be very similar to Figure 99.

30 Spstlon 3. 4, & and o - It Ls not possible to cvaluate

indfvldunlly these dulu in terass ol signuturce”, since only one or two
pusses of euch sntellite ure nvnfluble and none Secay O possess any
distingulshing reatures, Intercompurison §s not valld cither, cven

shothey sre nil fregments Prom w0 Epsilon 1 (Sputnik 1V), beceuse

£ 3
the physicul conriguraticn of the Uragsents Lo probebly not the samc -

und, thercfore, any stmilerity in envelope shupe would be purcly randoa.

siey



VI. CROSS SECTION MODUIATION DUE TO ATTITUDE CHANGE

gvidence of periodie signal modulaticn, such as might e caused by
spin or wumble, ls  wisible in the zajority of signal strength records.
This cross section modulation Ls visible both in the records of ground-
originuted reflectad slganls aad Ia the records of signaals which originate
rrom a satellitce-borae transmitter. For whis dlzcussion, we shall ters
the former sethod of satelllive detection and obscrvatlicn "pussive™ track-
ing, and the iatter method "setlve" trackling. Measureseat and anslysis
of slgnnl stirengih modulation observed with the o =ethods of tracking
are dirvicult for several reusons. Propugaiion variances alone may in-
troduce periodie changes in obucrved slpnaal strength which can be sictaken
ror moduletion cnused by sntellite nttitude change. The relatively short
duration of the puussive records recorded by the cuenter antenna sake it
impossible to determine a modulation periodicity In this antenna of m=ore
then & sccond or two. The pussive records recorded by the north aad
south untennns, though fewer in anusber, are of greater value in modulation
analysis since they are considerably longer in durstion and permit measure-
ment of scveral cycles of o modulatlon possessing a period in the order of
1 ecycle per 5 seconds or longer. Also, whea active tracking records are
cxanincd, especially those taren on Sputnik IIT and IV which transmitted ‘on
a nozinsl frequency of 20 Me/s, the Faradsy ciffect must be considered.
Tnis effect varics inversely with the reciprocal of the frequency squared.
Thus, it is definitely a prime fuctor in producing periodic signal modula-
tion at 20 Mc/s, considerably less & factor at 108 Mc/s (thc DOPLOC reflec-
tion frequency), and virtually non-existent at still higher frequencies
such as the transmitting beacons in the Discoverer satcllites. Fluctua-
tions in received signal, while not necessarily periodic, may also be caused
by changes in the amplitude of the transmitted signal or the gain of the
recelver. Within these limitations, an attcmpt has becn made to analyze the
DOPLOC records for evidences of cross section modulation caused by satellite

attitude change.

Examination of passive and active records for 58 Delta (Sputnik IIT)
and 60 Epsilon 1 (Sputnik IV) show signdl strength nulls occurring in a

2:1 ratio, i.e., two nulls are observed on the passive records for every

29
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aull on the aetlve records. Flgures 29 (nort h), 3% (south) and 39
(morth) ave vecords of pussive reflectlons fros 58 Delta and show an
averaze of 1 null per ) seconds, wipile Figure 119, an active record
Tor 58 Delta, displavs 1 nuld per O seconds., Slmtlarly, Flgures

82 {north), 83 (souih), ana 8, paasive observations of 60 Epsllon 1,
show an average o! ! snull per 1.9 scconds, and an active rcecord of the
sume satellite (Figure 120) shows & oguld per 5 scconds. It is evident
from these dnta that e phyaleal configuration of the satellite
produces 4 four-lobed pattesn when re flecting the ground-originuted
DOPLLC slennl, whereas the transnitiing antennas on the satellfte
radliate o two-lobed pattern for active traczing. As the satellite

tuzbles and spins, these radintion putlerns produce the 2:1 ratio seen

.ur

in the slgnal strength null Trequency

Lvldence of sizflay pesriodic pulls is seen in the records of 59

Zpsilon (Discovercs V). Here, however, the passive Lo active ratio is
5:1. Flgures LS (soutk), 50 und 52 (south) ere rassive reflection
records ol §9 Enstlon and display an averaze of 1 pull per 9 seconds.
fach of two active records Tor 5% Epslicn, ome of which is shown in

raigure 121, show 1 null per 24 seconds. Appurcntly, ine cylindrical
shupe of the Dlscoverer sa a
patiern, while the transzitiing antenns radfates the two-lobed puttern.
The validivy of thls assunption regarding the refleetion rattern is

of' the cylinder (19.2 feet) is

the DOPLOC f'requency (9.1 feet).

enhunced by the fect thut the lengin
approxinately twice the wevelengih of
2% . - 3 ~e e g, e o L e b . ro P -y

anere tne length of the reflecting object 1is lerge compercd to the
wavelergik, as In this cuse, the result is a multi-lobed radiation

retvtern,

It is worthwnile to note thaet & total of nine active records
taken on 59 Zeta and 60 Delta (Discoverer VI and XI) show an average
of 1 null per 24 seconds, with individual values ranging from 11 to
L0 seconds. The agreement with the null rate observed for 59 Epsilon
is striking.

Table 6 summarizes the data discussed above and lists null rates

for several other satellites as well.
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VII. SCINTILLATION

A nuaber of the DOPLOZ rocords of reflected signal strength show
traces of scintillation and Table 7 preaents a susmary of the most
prominent cxazples, grouped according to pass time. The estimated
peak-to-peak ssintillation in db s glven for each pass, as well as
the antenna in which the reflectlon was received. A notation is algo
sade concerning the scason of the year in which the pass was recorded.
Certaln qualitative features in the data are rather pronounced and
deserve edditional comsent.

The exlstence of a diurnal cycle is upparent, with the scintillation
azplitude being greater at night than during the day. The average peak-
to-pcak signul fade for 9 observations made at night is 2.4 db, while
ror 20 daytime obscrvations the average value is cnly 1.k db, Algo,
the diurnal effect is much more pronounced in swzacr than in winter,
evidenced by the fact that 8 of the 9 night passes occurred in the
months between March and October. A series of one-way redur trensmission
tests conducted by the Bell Telephone Leboratories, at vavelengths rang-
ing from 30 em to 17 m, revealed corresponding diurnal and scasonal
variatious.h Similarly, tests carried out by Ross A. Hull, with the aid
of other radio arateurs, the U. S. Weather Bureau and Harvard University
in the 5 to € n wavelength region, yielded comparable results, 3

The data in Table 7 show that scintillation cceurs more frequently
in the north and south antenna reflections than in the center antenna.
Considering the total number of reflections received by each antenna,
ve find scintillation appearing in 45¢ of the north antenna passes (10 of
22), 41% of the south antenna passes (9 of 22) and only 15% of the center
antenna passes (10 of 67). The indication here 1s that the reflecting
and diffracting properties of the terrain and the irregularities of the
atmosphere near the earth's surface combine to produce interference
waves which, in turn, cause variation in slgnal strength. These
Phenomena would heavily influence reflections in the north and south

antennas, since they are beamed only 20 degrees above the horizon. The
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TABLE T

SCTNRLIATION VS pasls TN

Poak=-to-Peak .

Satellite Rerolution . Seintdllstion Pass Tiwe .
St Nuntier LERNR in b U. 7. Co 6 T Senuon
G0 Epatlon & 03 [ 2.0 055 2155 s

60 Deltn ny 8 2.0 G628 (W] S
G0 Epatlen 2 1o 8 5.0 o2 tha [ J
4 Polen @87 u 2.0 Wz A2 S #
58 elts WS s 2.0 X o2 5 g
“d Pelta bins ¢ . 652 0052 ¥ E
3 helts Wy S bR oV 2100 5 é
GO Bpation 2 w7 N 2.9 U2l 0121 s
8 Deltn G0 % 4 59 02k9 [
€0 Epaltlon 2 Yo e 2.0 1226 G126 s—
£ pelta &155 ¢ 1.0 1458 o758 W
€0 Lpsticn € s C 1.5 1600 (v} 5
<8 belin 615 N 20 158 (7378 w
55 tanbidn 213 N 2.0 1500 G0 W
o8 peltn &na ¢ 1.0 1950 syal ¥
43 Delta @350 N 1.0 1548 B S
2 Deltn Tt N 1.0 1605 1603 S
+& Deltn 3 4 c 1.0 1647 147 ¥
e fetn 157 S 1.0 1650 1 '] g
€5 Epation 2 1A, s 1.0 1733 1135 s &
<0 Delta 61 s 1.5 1603 1203 s 3
55 Duith S8.8 5 1.5 1812 1212 S
<8 pelio B s 2.0 181% 1213 5
<0 Deltn %0 N 2.0 1840 1240 S
58 Delta 9122 ¢ 1.5 2ck5 1445 S
8 Delta 8286 1.0 21% 15% W
60 Epsilon 2 017 2.0 2218 1618 S
58 pelta 9612 ] 1.0 2219 1619 ]
59 Larbds €85 ] 2,0 0016 1816 i

#*
8 - south, C - center, il - north

-t
W - winter (liovember - February)

**s _ summer (March - October)
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greater length of the observations by the north and south antennas
=ay also contridute Lo the more frequent observations of signal fade

in these anbennas.

From en exwsination of & musber of active tracking records made
atl Aberdecn Proving Grsund, Maryland, there appiéurs to be rore
ceintiilation present {n these active records tien in the passive
wﬂwﬁmrmmm.FwwememwsumwmrmmMor%de
obtalncd at Adberdeen by track ing the 20 ¥e/s satellite-borne transmitter.
Peaz-to-penk signal variattons for this record are approximately 6 db,
roughly twice as large as anyg variations roted in the passive records.
Thiz savellite was probadly experiencing severe bufeting when this
recording was made, since re-cntry occurred only 30 revolutisns later.
Thesc drasilc osciilations =gy have increasced the seintillation amplitude
L0 Some oxtent, slmee records taken cariier in the lifetime of 58 Delta

show signal fude in the order of 5=k @b. Then too, the very slight

[ )

(=

opp

er frequency shlft durirg this pass indicetes that the satellite

=g

t 8 great distance froz the station end that the inclination of

[5)

a
heg 1

cr
[+
(]

re of sight to the norizontal was small. Thus, es mentioned

.

P

previously with respeet to scintillation in the north and south entennas,

-

interference waves =ay have coniributed to the increased empiitude of

the signal ver!stions.

Howstl 9. ZLoots,

HAROLD T. LOOTENS
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APPENDTX T

CAICULATION OF POWER RATIO AND CHUGS SHRTION

Aluiwude And Ground Bunge Delermliantlon

tine data are disziwally reeordod nt e roccleing station us the
sulellite pasaes theough enel of thye three nateann besws,  From the

<
dlglunl Dopplor dutn wo enleulnte the Doppler sloge (rate of chunge

of Doppler reguency). Hnoulng the Doppler frequency uad slope and

aln the altivude and

nsawsning clveulns movlon, L 1o pousible %o obt

anstewest locutllon 20 e sutellite wo [ erasses the base line Join-

log he tranemllicer aad reveciver, with the wld oF & chart of the type
presented fn Floure 105, Zunslunt contowr lnes have Boeen compuled

and denwn for i Dopnler Urequeney and the Lioe derfvalive of the

o . ‘e . [ 3P 3 % 3 - %
rrequency (the alope) o e vostlent panace contuining both the
Pranamitier nnl recelver, 4 Contours wury with sniellitce ore

bial fnellnntlon, oo thnl several charts wro regulred for orbiis of

lona, Humho wnney Lo ovatlh:, however, oaly for duta
? 1
recelved In the cenler bunme Given s Doppler freguency of 200 eps and

Gduebnt o or Lie recurd, we locntle the curves

represeating these vnlles oo Lhe ehurt wnd, ot thelr faterscetion,

read an wltitude o 27 allcs wnl u sub-suiellite point on the base
line locuted 29U nlles cusl o Fory 2111, dHavine deternined these

aroto Filoure 126 Ly preparceé to assist in

disiances, ¢

completing the pover wnd eross Loetlon caleulatlons.

orth nnd South Anterin. - Gne peometry and culeulatlons necessery

to locate the polat of latesoccolion o o subellite in the north or south
entenna, end Lts corrcoponain cround rane tfrom Fort $ill, vary some-
what from the method deseribed fur the center cntenna. In these antennas,
the interscetion point and ito corrvesponding distunce cast or west of
Fort S11l arc functions of setelllte altltude, wnd the inelination of

the orbital plene and buse line with respect to the cquator. For purposes

)‘ 7



o thln dlzeusslon, we sknll conrlne curselves to Lthe south antennn,
caleulations in the north antenms are slsilsre., Flgwre 129 plves a

grapile presentution of the recuetry tnvolved,

«

The soutdh antennn s elovated 20 deprecs above the horizon and
orlented In azi=ulh us shown In Sloure 1l. The alvitude of the satellive
intersecilon polnt in the center nutonnn io elen ns e helzht of the
POt of lnterscetlon in the south unlessa prticra, The curvature of the
vartit i fpnored herc slinee it s negligible over the relatively saort

a) bR T .

dlotunee lnvolved. Helerelsng to Flgure 125, we caleulnte ¥, the perpen-

dioulur dislanee Mrom tne Luse llne 10 the point o inverscelion o the

6avellive fn whe south hetennn, using the trigonometrie function
v
e e
.t' 0 e—
clev 7 0
D ese SV

Subsequently, the perpendleulur distunce 7, from the 20 @ pree

J , . . . o i e i _
PaBLC O he soulh mnlennnt 10 Uhe O degroe pluae of the center antennu

s At grwem ey gt
Ly deternined by

The next step 45 to ecalculunle =, the engle au which the satellite

TOSSes Lhe base Mine, If we les ¢ egual the orditul inclinntion at

(2]

. . . . . A .
the cquuior and &/ the orbizal fnclinntion et eny jiorth Latitude Y, then

'a o

Solving ror 1/ gives she engle vt which the satellite crosses the

purtlculer liorth Latitude ¢, The

29

orrest Clty - Fort Sill vase line is
& .egnent of @ great circle which 15 not paralicl to the cquator; hence
&s showa in Figure 126, the setellite crosses the base line at an angle
different from i/, the difference being equel to the inclination of the
buse linc to the cquator. The base line Is inclined 3 degrees to the

equator so, for a north-south pass ) degrees must be added to i/, while

for & south-north pass » degrecs 1 subtracted from 1/ to obtain Oi.

L8



Finally, knowing 01 and Y, the distance d moved along the base
lire in Flgwre 125 can be determined by the trigonozetric relation

Y .
tunelﬁa

This value d must be added to or subtracted from r (the ground
range from Fort S5ill as determined for satellite intersection in the
center antenna), depending on the puss direction and the antenna in-
volved. As shown in Figure 127, for a north-south pass, ground range
in the north antennz ie equal to r - d, while for the same pass in the

south antenna the ground range is r + d.

Huving thus determined the dictance from the base line to the
gutellite intersection point in the 20 degree piane and the corresponding
ground range from Fort Sill, a sketch is prcpared as shown in Figure 128

to sid in completing the culculutions.

Pouwer iind Cross Secticn Culculations

liaving determined setellite altitude (or the perpendicular distance
from the base linc to the point of irtersection in the 20 degree plane),
as well as the ground range cust or west of Fort $ill, and knowing that
the distance between the transmitter and receiver is 435 miles, the distances
Rl and R2 and the wngles @ end B can be computed using standard trigoncmetric
functions (refer to Figures 124 and 128). The azimuth angles of the trans-
mitting and receiving antennas are known (see Figure 11); hence the angles 7
end & cun be determined and, from the curve presented in Figure 129, the

factors F, and F, which are decimal representations for the angles 7 and §,

T R
are obtained. It is now possible to proceed with the computation of the cal-
culated power PR’ the measured power received PM, the power ratio PR/P "

and the apparent cross section of the reflecting object z::.

The calculated power in watts that would be radiated from an object
of known dimensions at & glven distance from the transmitter and receiver
is determined first. For example, a length of 20 feet and a radius of

2.5 feet is assumed for the Discoverer satellite. The maximum reflection

k9



cross section thai aa cbjeet hmving these dbaensions would present 1is
calculated by using the formula
2
re

E = 2n T
where ) at 108 Me/s s 9.1 feev. Solving for 3, a walue of 090 oquare
feet 1s obiained for the Discoverer satellite. Adzittedly, this process
{s an approxi=ation, since nccwrate deterainnivion of 3" 1is dependent upon
rand 2 belng large compared o ). Similar estizates of phiysical dimensions
were sade ror Sputalx ITI and IV und for Transit I, and the reswlting values
or Fiwere used Ln the calculntlons vertaining Lo those satellites.
Using the bncle radar cquation, >
o . 1% % "’ Fip Fn}: (1)
" (tr)” (sz;)" (Rg)d
the value oI nad the rollowing DOPLOC sysiem constants are inserted:

Pn = power transmitted = 50 kw

Gq @ G'i‘ unteana guln in power = 49

A

9.1 eer

Thus, equetion (1) becomes
8
186 x10° F_F
P, = T R
R : 2 (2)
(8)° (R,)
wnere Rl and R2 ure expressed in rect or
-6
.l‘ . F
P=21>'10 FTrR (3)
TR
gl Ha

vhere Rl and R2 are cxpresscd in miles.

llext, equation (3) 15 solved for PR to determine the power in watts
thot would be radiated from an object of this size if it vere located at

the point in space occupied by the satellite.

To determine the measured received pover in watts, the peak of the
received signel recorded in db below unity $/N at receiver output is con-

verted to a voltage ratio X.

IR1denour ; L., "Radar System Engineering", MIT Radiation Laboratory
Series No. 1, p. 66. (1947).

50



X = log"l (imax db)
20

IT E) 15 the received signal for a 1:1 S/N ratio at the receiver out-
put (which for the DOPLOC system is 0.07 microvolts) and E; 1s the mcacured
received signal voltage, ihe weasured povwer in watts is

(£,)?
PN = 2
‘ R
where R, the antenna resistance, 15 equal to S0 ohms. The pouer ratio,

P'R/PM expresses the relation between calculated and measured pover,

To caleulate the cross section corresponding to the peak signal

received, cquation (1) 15 used to solve for 3.

Arter substituting Pﬂ for PR, cquation (1) muy be resrrenged to give
3

s B 8)F ()

559 » =9
2.49 x 10 FT.FR

Solving fcrz::gives the apparent cross section of the reflecting object
in square feet,
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APPEIDEX T
BRL-DOPLOC REPORTS

No. 1l

BRI. Memo Report No. 1055 - October 1958
"Doppler Signals and Antenna Orientation for a Doppler Systes"
by L. P. Bolgiano, Jr.

CONFIDENTIAL

ho. 2

BRL Memo Reportjio . 1185 - Junuury 1999
Firso Semf-Annual Teehnlcal Swasary Report

Period J July 1958 - 31 December 1658

by L. G. deBey, V. W. Richard, A. H. Hodge, R. B. Patton, C. L. Adams
(8MI. %9-60) CONFIDENTIAL

No. 3

8RL ‘fech Note Yo, 1205 - June 1959
"Orbitul Data liendling and Prescntution®
by R. E. A. Putnen

UNCLASSIFIED

No. &

BRL Tech HNote No. 1266 - July 1G59
"An Approuch to the Doppler Dark Satellite Detection Problem"
by L. G. deBey

CONFIDENTIAL
llo. 5
BRL Memo Report No. 1220 - July 1959
Second Semi-Annual Technical Sunmnary Report
Period 1 January - 30 June 1959
by L. G. deBey, V. W. Richard end R. B. Patton

(BML 208-59) CONFIDENTIAL

No. 6 '
BRL Tech Note No. 1278 - September 195
"Synchronization of Tracking Antennas”
by R. E. A. Putnam

UNCLASSTF [ED

No. 7

BRL Memo Report No. 12%7 - September 1959
"A Method of Solution for the Determination of Batellite Orbital Parameters

from DOPLOC Measurements"
by R. B. Patton, Jr.

UNCLASSIFIED
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R DOPLOC REVORTS (continued)

fo. &

AL, Moo Report No. 1093 - March 1960

"The Dynamlc Characterlstics of Phase-Lock Recelvers"
by Dr. Heats Pullen

UNCLASSIPIED
No. 9
"Statlon Guometry Studles for the DOPLOC System”
Stanrord Research Institute

UNCLASSIFIED

No. 10

Fiaal Report, Part 3, Stanford Research Institute - July 1900
"DOPLGC Systes Studies"

by W. E. Schurfzan, H. Rothsan, H. Guthart, T. Morita

UNCLASSIFIED
lio. 11
Philco Corporution - b Muy 1960
"Polystution Doppler Systes
UNCLASSIFIED

lo. 12

Spuce Sclence Luboratory, General Electric Co. - October 1950
"Orbit Determination of a lNon-Trensmitting Satellite Using Doppler
Tracking Data"

by Dr. Peul 3. Richards

UlCLASSIFIED

o, 13

Finul Technical Report - University of Delaware - June 15, 1960
"Quentum Mechanical Analysis of Radlo Frequency Radiation”
by L. P. Bolglano, Jr. and W. M. Gottschalk

UNCLASSIFIED

No. 14

Final Report F/157 » Columbia University - February 11 » 1960
"Summary of the Preliminary Study of the Applicability of the Ordir
System Techniques to the Tracking of Passive Satellites"

UNCLASSIFIED




BRL-DCPLOC REPORTS (continued)

Xo. 15

43L Report No. 1110 - June 1940
"Precision Frequency Measurement of loisy Doppler Signals"

by W. A, Dean
UICLASSIFIED

No. lo

Third Technleal 'uzmuzy Report - Pericd July 1959 through June 30, 1960
ZRL Memo Report No. 1287
by A. L. G. delicy

UNCLASSIFIED

No. 17

Colusbla Universtty Tech. Report Hlo. T T-1/157 - AuEUJt 1, 1959

The Theory of Phuse Synchroaization of Oscillutors wlth hpplication
to the DOPLOC Tracking Filter"
by ®. Xrelndler

UNCLASSIFIED

lo. 16
HRL Tech liote No. 13545 - nugust 1950

"DOPLIC QzucLJcr for Use with Clrculating Memory Filter"
by ¥. Patterso

UNLCLASSIFIED
no. 19
BRL Tech lNote No. 1%54 - Getober 1960
'Puremetric Pre-Amplifier Results"
by K. Patterson
{CLASSIFIED

No. 20

BRL Tech Note No. 1367 - December 1960
"Duta Generation and Handling for Scanning DOPLOC Systenm"
by Ralph E. A. Putnam

UNCLASSIFIED

No. 21

BRL Report No. 1123 - January 1961
"The DOPLOC Instrumentation System for Satellite Tracking"
by C. L. Adams

UNCLASSIFIED
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HRL-DOPLCC REFORTS (continued)

»
N‘o. 2

sy

HRL Memo Report No. 1370 - March 1661
"DOPLOC Observations of Rerlection Crous Section of Satellitesg"
by H. T. Lootens

WCLASSIFIED

In Preparation
"DOPLOC Comb Filter" by R. Vitex
"DOPLOC Orbit Determination Methods" by R. Patioa, Jr.

"Final Sumsary Report on the BRL-DOPLOC Project" by Dr. A. H. Hodge
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Fig. 4 BLOCK DIAGRAM OF DOPPLER DATA RECORDING SYSTEM FOR A SINGLE CMANNEL
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~ [ HIGH GAIN ANTENNAS AT ARPA- BRL DOPLOC

Fige ¥

TRANSMITTER SITE LOCATED AT FORT SILL,OKLAHOMA,
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NORTH AND SOUTH ANTENNAS (TOP VIEW)

)

WHITE SANDS FORT SILL FORREST CITY

CENTER ANTENNAS (SIDE VIEW) (EDGE VIEW)

FIG. 10 - INITIAL ANTENNA ORIENTATION
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DOPLOC FREQUENCY AND RATE OF CHANGE
OF FREQUENCY AS A FUNCTION OF
POSITION IN THE YZ - PLANE

(FOR 80° INCLINATION)

Fig. 123
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SATELLITE

FORREST
CITY

As24° s AZIMUTH ANGLE OF TRANSMITTING ANTENNA.
B=25°+= AZIMUTH ANGLE OF RECEIVING ANTENNA.
Ry * SLANT RANGE FROM TRANSMITTER TO SATELLITE.
R2 = SLANT RANGE FROM RECEIVER TO SATELLITE.

"Y = ANGLE THAT Ry MAKES WITH CENTER OF TRANSMITTING ANTENNA BEAM.

o2
"

ANGLE THAT Rz MAKES WITH CENTER OF RECEIVING ANTENNA BEAM.

ANGLE THAT R; MAKES WITH BASE LINE.
B = ANGLE THAT R, MAKES WITH BASE LINE.
Z = ALTITUDE OF SATELLITE IN CENTER ANTENNA.

GR = GROUND RANGE FROM FORT SiLL.

FIG. 124 - CENTER ANTENNA GEOMETRY
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\ PLAKE OF

CENTER ANTENNA

..:-gﬁ
&

e FORAEST
ary

“ I
- y PLAKE OF
1 TOUTH ANTENHA

N I
SOUTH - NORTH PASS N : 3 4\
e
k. HORIZON o

H s

Z = SATELLITE HEIGHT IN CENTER AND NORTH OR SOUTH ANTENNAS.

X = PERPENDICULAR DISTANCE BETWEEN BASE LINE AND SATELLITE
INTERSECTION POINT IN NORTH OR SOUTH ANTENNAS.

Y = PERPENDICULAR DISTANCE BETWEEN 20° PLANE AND 90° PLANE.

AC = r = GROUND RANGE IN CENTER ANTENNA.

BC = d = DISTANCE MOVED ALONG BASE LINE.

AB ='GROUND RANGE IN SOUTH .ANTENNA.

8i = ANGLE BETWEEN SUB - SATELLITE TRACE AND BASE LINE.

FIG. 125 - ALTITUDE AND GROUND RANGE

GEOMETRY IN SOUTH ANTENNA
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SATELLITE
PATH

8is (1'-3°)
N. LATITUDE ¢
4
i'j';.\/
ai
a2 *i EQUATCR

SOUTH - NORTH PASS

gl
‘i-
i“:_\-t“‘
ai
Qi = (i'+30°)
!_I N
N. LATITUDE ¢
'n"‘/
o™
-
- 3= i
— ﬂi EQUATOR
SATELLITE
NORTH - SOUTH PASS PATH

i = ORBITAL INCLINATION AT EQUATOR.

= ORBITAL INCLINATION AT NORTH LATITUDE ¢.

@i = ANGLE BETWEEN SUB-SATELLITE TRACE AND BASE LINE.

FIG. 126 - SATELLITE INCLINATION WITH
RESPECT TO BASE LINE
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NORTH ANTENNA

FORY
SitL

FORREST
vy

GROUND RANGE (GR)

9

iIN NORTH ANTENNA = r-d

SOUTH ANTENNA IN SOUTH ANTENNA = r+d
WHERE I = GR IN CENTER
ANTENNA AND (IS EAST OF
FORT SILL, AND D = DISTANCE

NORTH - SOUTH PASS MOVED ALONG BASE LINE.

NORTH ANTENNA

FORREST
CITY

GROUND RANGE (GR)

SOUTH ANTENIIA IN NORTH ANTENNA

r+d

IN SOUTH ANTENNA = 1 -d
WHERE r = GR IN CENTER
ANTENNA AND IS EAST OF
FORT SiLL, AND 0O = DISTANCE

MOVED ALONG BASE LINE.
SOUTH - NORTH PASS

FIG. 127 - GROUND RANGE IN NORTH AND SOUTH ANTENNAS
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SATELLITE

FORREST
city

A=24° = AZIMUTH ANGLE OF TRANSMITTING ANTENNA.
B=25°= AZIMUTH ANGLE OF RECEIVING ANTENNA.

Ry

SLANT RANGE FROM TRANSMITTER TO SATELLITE.

R2

SLANT RANGE FROM RECEIVER TO SATELLITE.

Y * ANGLE THAT R, MAKES WITH CENTER OF TRANSMITTING ANTENNA BEAM.
8 = ANGLE THAT Rz MAKES WITH CENTER OF RECEIVING ANTENNA BEAM.

@ = ANGLE THAT R; MAKES WITH BASE LINE.

B = ANGLE THAT R, MAKES WITH BASE LINE.

Y = PERPENDICULAR DISTANCE BETWEEN SATELLITE INTERSECTION
POINT IN 20° PLANE AND 90° PLANE.

GR = GROUND RANGE FROM FORT SILL.

FIG. 128 - NORTH AND SOUTH ANTENNA GEOMETRY
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